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Suppression of Inducer Stall Based on Inlet Recirculation
in a Centrifugal Impeller
(2nd Report, Numerical Analysis of Stall Suppression Effect)
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Daisaku SAKAGUCHI and Hironobu UEKI

** Dept. of Mechanical Systems Engineering, Nagasaki University,
1-14 Bunkyo-Machi, Nagasaki, Nagasaki, 852-8521 Japan

The ring groove arrangement was proposed to improve surge margin in a centrifugal blower.
The inlet recirculation formed by the arrangement at small flow rates resulted in a significant
decrease in the flow rate of the unstable flow inception at a small expense of the delivery pressure
drop. The effect of inlet recirculation on the main through-flow in the impeller and the unstable flow
suppression is analyzed by the 3-D turbulent flow calculation, and the calculated results are compar-
ed with the experimental ones. The critical flow incidence is about 7 degrees for the separation
bubble formation at the blade-leading edge. In the tested impeller, the separation bubble on the blade
suction surface extends along the blade leading edge from the blade root to a radial position of the
root-mean-square radius at the stall limit flow rate. It is found that the surge suppression is mainly
due to decrease in flow incidence at the blade-leading based on the inlet recirculation flow.
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Fig.2 Meridional velocity distribution at midpitch;
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Fig.4 Comparison of hub-to-shroud velocity distribution
between calculation and cxperiment;
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Fig.5 Comparison of hub-to-shroud velocity distribution
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Fig.7 Hub-to-shroud distribution of flow incidencc at stall limit
flow rate; ¢ =0.295, q*=0 (STD)
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Fig.9 Change in impeller characteristics due to inlet
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rear grooves

Table 1 Velocity of wall suction and air injection (m/s)

q* Wall suction velocity | Air injection velocity

0.020 0.91 0.71
0.040 1.82 1.42
0.066 3.00 2.35
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Fig.12 Decrease in flow incidence and separation bubble height
due to recirculation flow; $=0.295
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